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(54) Pre-pit detecting apparatus 



(57) When a light beam (B) is irradiated to an infor- 
mation track (1 02), on which a pre-pit (1 04) carrying pre- 
formation has been formed, and reflected light of the 
light beam is received at a light receiving portion, which 
is divided into two parts by a division line at least opti- 
cally parallel with the information track, a first read signal 
(Srf1) and a second read signal Srf2() generated on the 
basis of the outputs of electrical signals from the light 
receiving portion are inputto a push-pull circuit (1 ). Then 



the difference between the amplitude of the first read 
signal and the amplitude of the second read signal is 
computed to bring both amplitudes close to each other 
on the basis of the difference and consequently make 
them coincide (corrected). The computation on the dif- 
ference between the first and second read signals 
whose amplitudes coincide generates a difference sig- 
nal to detect a pre-pit on the basis of the difference sig- 
nal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the technical s 
field of pre-pit detection apparatus for detecting pre-pits 
as pre-information formed on a high-density recording 
medium such as a DVD-R (DVD-Recordable) or 
DVD-RW (DVD-Rerecordable). 

[0002] In general, address information and reference 
signals for generating clock signals for use in recording 
and reproducing operations are pre-recorded on a re- 
cordable type optical recording medium in the form of 
pre-pits and pre-grooves. For example, on a DVD-R 
(Digital Versatile Disc-Recordable), pre-grooves as re- 
gions for recording information such as video and audio 
data intended to be recorded as recording pits are 
formed, while pre-pits (hereinafter called land pre-pits 
or LPP) are recorded on land portions each of which is 
formed between the pre-grooves. 
[0003] In the operation of a pre-pit detecting device, 
reflected light of a light beam irradiated to a pre-groove 
is received at a light-receiving portion, which is divided 
into two parts by a division line at least optically parallel 
with a tangential direction of the pre-groove. As a result, 
first and second read signals are generated on the basis 
of the outputs of electrical signals from the light receiving 
portion, and the difference therebetween is computed 
to generate a difference signal (hereinafter called a "ra- 
dial push-pull signal"). Then the radial push-pull signal 
is compared with a threshold by means of an LPP-signal 
binarizing circuit to obtain a signal detected as a binary 
signal (hereinafter called an LPP signal). 
[0004] The radial push-pull signal is generated at a 
push-pull circuit in the pre-pit detecting device. "FIG. 7 
shows an internal configuration of the push-pull circuit 
in a conventional pre-pit detecting device. As shown, the 
push-pull circuit includes two AGC (Auto Gain Control) 
circuits 501 , 502. The AGC circuit 501 is composed of 
a voltage control amplifier (VCA)503, an amplitude de- 
tection part 505 and a subtracter "507, and has the func- 
tion of making the amplitude of a signal, obtained from 
the first read signal, coincident with a reference voltage 
-(ref). To be more specific, the voltage control amplifier 
-503 ampl if ies the rst-reacteignal-at-an^m plifieation^f ac- 
tor based on the difference between the amplitude of 
the first read signal generated at the subtracter 507 and 
the reference voltage so that the amplitude of the first 
read signal will be made coincident with the reference 
voltage (ref). 

[0005] On the other hand, the AGC circuit 502 is com- 
posed of a voltage control amplifier (VCA) 504, an am- 
plitude detection part 506 and a subtracter 508, and has 
the function for making the amplitude of a signal, ob- 
tained from the second read signal, coincident with the 
amplitude obtained from the first read signal. To be more 
specific, the voltage control amplifier 504 amplifies the 
second read signal at an amplification factor based on 
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the difference between the amplitude of the second read 
signal generated at the subtracter 508 and the ampli- 
tude of the first read signal so that the amplitude of the 
second read signal will be made coincident with that of 
the first read signal. 

[0006] Thus both amplitudes of the first and second 
read signals can be made coincident with each other, 
which makes it possible to eliminate RF and noise com- 
ponents securely, and hence to generate a proper radial 
push-pull signal which contains only the LPP compo- 
nent. 

[0007] The difference of the amplitude of the first read 
signal and the amplitude of the second read signal, how- 
ever, may become large on a high -density recording me- 
dium such as a DVD-R. In this case, if the difference 
exceeds the operational range of the voltage control am- 
plifiers, the conventional push-pull circuit cannot make 
the amplitudes of the first and second read signals co- 
incident with each other, which makes it difficult to gen- 
erate a proper radial push-pull signal. 
[0008] Therefore, a voltage control amplifier having a 
required operational range needs to be selected in con- 
sideration of the difference for the conventional push- 
pull circuit. However, since the operational range varies 
between voltage control amplifiers, this selection re- 
quires time and effort very much. 

SUMMARYOFTHE INVNETION 

[0009] The present invention has been made in view 
of the above-mentioned problems, and it is an object 
thereof to provide a pre-pit detecting device capable of 
generating a proper radial push-pull signal even when 
the difference between the amplitudes of the first and 
second read signals exceeds the operational range of 
the voltage control amplifiers. 

[0010] The above object of the present invention can 
be achieved by a pre-pit detecting apparatus of the 
present invention for an optical recording medium, 
which has information tracks for recording record infor- 
mation and guide tracks for guiding a light beam to the 
information tracks, and further has pre-pits -carrying pre- 
information formed on the guide tracks. The pre-pit de- 
tecting device includes a push-pull circuit, which when 
— the-optieal^amHS-irradiated4o-one~of-tneHnformatHon 
tracks, computes the difference between a first read sig- 
nal and a second read signal generated on the basis of 
outputs of electrical signals from a light receiving unit, 
divided into two parts by a division line at least optically 
parallel with the information track, to generate a differ- 
ence signal, such that the pre-pit detecting device de- 
tects a pre-pit on the basis of the difference signal output 
from the push-pull circuit. The push-pull circuit is provid- 
ed with an amplitude correcting device for-computing the 
amplitude of the first read signal and the amplitude of 
the second read signal to bring both amplitudes close 
to each other and consequently make them coincide, 
such that said push-pull circuit performs a computation 



15 



20 



25 



30 



35 



40 



— 45 



50 



3 



RNKnoar>: <EP 122SS71A2 I > 



EP 1 225 571 A2 



on the difference between the first and second read sig- 
nals whose amplitudes have been made to coincide by 
said amplitude correcting device. 
[0011] According to the present invention, a light 
beam is irradiated to an information track of an optical 
recording medium on which a pre-pit carrying pre-infor- 
mation is formed. Then reflected light of the light beam 
is received at a light receiving portion, which is divided 
into two parts by a division line at least optically parallel 
with the information track, to generate first and second 
read signals on the basis of the outputs of electrical sig- 
nals from the light receiving portion. The first and second 
read signals are input to a push-pull circuit. The push- 
pull circuit computes the difference between the ampli- 
tude of the first read signal and the amplitude of the sec- 
ond read signal to bring both amplitudes close to each 
other on the basis of the difference so as to make them 
coincident with each other (corrected). Then the differ- 
ence of the first and second read signals whose ampli- 
tudes coincide with each other is computed to generate 
a difference signal. Thus the pre-pit is detected on the 
basis of the difference signal. 

[0012] Therefore, even if the difference between the 
amplitudes of the first and second read signals exceeds 
the operational range of the voltage control amplifiers, 
both amplitudes can be easily made coincident with 
each other, which makes it possible to generate a proper 
difference signal with few noise components. 
[0013] In one aspect of the present invention, said 
push-pull circuit further comprises a device for removing 
a direct-current component from the amplitude of the 
first read signal and a device for removing the direct- 
current component from the amplitude of the second 
read signal, wherein said amplitude correcting device 
computes the difference between the amplitudes of the 
first and second read signals, from which the direct-cur- 
rent component has been removed, to bring both ampli- 
tudes close to each other and consequently make them 
coincide. 

[0014] According to this aspect, the amplitude cor- 
recting device makes a correction after a direct-current 
component is removed from the amplitude of the first 
read signal and the amplitude of the second read signal, 
so that both amplitudes can be made to coincide more 
-aGcuratelyrthereby-generating-a-proper-difference-sig=— 
nal with fewer noise components. 
[0015] In another aspect of the present invention, the 
difference computed by said amplitude correcting de- 
vice is the difference between the maximum amplitude 
of the first read signal and the maximum amplitude of 
the second read signal. 

[0016] According to this aspect, the maximum ampli- 
tude of the first read signal and the maximum amplitude 
of the second read signal are brought close to each oth- 
er on the basis of the difference therebetween, so that 
both maximum amplitudes are made to coincide, there- 
by generating a proper difference signal with fewer 
noise components. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

5 FIG. 1 is a cross-sectional perspective view of a 

DVD-R 50 according to an embodiment of the 
present invention; 

FIG. 2 is a schematic diagram showing a record for- 
mat of pre-information and rotation control informa- 
™ tion pre-recorded on the DVD-R 50; 

FIG . 3 is a block diagram showing the general struc- 
ture of a pre-pit detecting device according to the 
embodiment; 

FIG. 4A is a diagram showing an internal configu- 
15 ration of a push-pull circuit; 

FIG. 4B shows exemplary waveforms of a first read 
signal Srf 1 , a second read signal Srf2, a first cor- 
rection signal Srfd , and a second correction signal 
Srfc2 in the push-pull circuit shown in FIG. 4A; 
20 FIG. 5 is a diagram showing an internal configura- 
tion of a signal binarizing circuit 2; 
FIG. 6A is a diagram showing an internal configu- 
ration of a push-pull circuit according to another em- 
bodiment of the present invention; 
25 FIG . 6B shows exemplary waveforms of a first read 
signal Srf1, a second read signal Srf2, a first cor- 
rection signal Srfd , and a second correction signal 
Srfc2 in the push-pull circuit shown in FIG. 6A; and 
FIG. 7 is a diagram showing an internal configura- 
te tion of a push-pull circuit in a conventional pre-pit 
detecting device. 

DESCRIPTIONOF THE PREFERRED 
EMBODIMENTS 

35 

[0018] The following section will describe preferred 
embodiments of the present invention with reference to 
the accompanying drawings. It should be noted that the 
embodiments to be described below assume a pre-pit 

40 detecting device for detecting pre-pits from a DVD-R as 
a recording medium on which address information indic- 
ative of an information recording position on the record- 
ing medium and reference signals for generating clock 
signals for use in recording and reproducing operations 

-45 — are-formedastPPs: — — 

[0019] Referring first to FIG. 1, description will be 
made about the physical structure of the DVD-R accord- 
ing to an embodiment of the present invention. FIG. 1 is 
a cross-sectional perspective view of the OVD-R 50 ac- 

so cording to the embodiment of the present invention. As 
shown in FIG. 1,the DVO-R^O is a pigment type DVD-R 
which is provided with a pigment film 1 05capable of writ- 
ing information once. Pre-grooves 102 as information 
tracks on which record information is to be recorded, 

55 and lands 1 03 as guide tracks for guiding a light beam 
B like a laser beam as reproducing and recording light 
to the pre-grooves 102 are formed on the DVD-R SO. 
The DVD-R 50 is also provided with a protective film for 
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protecting the pre-grooves and the lands, and a reflec- 
tion surface 106 for reflecting the optical beam B at the 
time of reproduction of record information. Then LPPs 
104 are formed on the lands 103. 
[0020] In the DVD-R 50, the pre-grooves 102 are wob- 
bled at a frequency used as a standard of reference to 
the rotation speed of the DVD-R 50. Upon recording on 
the DVD-R 50 record information (information such as 
image information intended to be recorded other than 
pre-information and sync signals), the wobbling fre- 
quency of the pre-grooves 102 is detected at an infor- 
mation recording apparatus to obtain a sync signal so 
that the DVD-R 50 will be controlled to rotate at a pre- 
determined speed. At this time, the LPPs 104 are also 
detected to obtain pre-information beforehand so as to 
obtain address information and the like Indicative of in- 
formation recording positions on the DVD-R 50. Thus 
the record information is recorded at a corresponding 
recording position based on the address information. 
[0021] In recording the record information, the light 
beam B is so irradiated that the center of the light beam 
B will coincide with the center of a corresponding pre- 
groove 1 02. As a result, a recording information pit cor- 
responding to the record information is formed on the 
pre-groove 102 to form the record information. At this 
time, the size of the light spot SP is so set that the light 
spot is irradiated not only to the pre-groove 1 02 but par- 
tially to the adjacent land 103 as well. Using reflected 
light of the light spot partially irradiated to the land 103, 
pre-information is detected from the LPP 1 04 by a push- 
pull method to obtain the pre-information. On the other 
hand : using reflected light of the light spot irradiated to 
the pre-groove 1 02, a wobble signal is detected from the 
pre-groove 1 02 to obtain a clock signal for rotation con- 
trol. 

[0022] Referring next to FIG. 2, description will be 
made about a record format of the pre-information and 
rotation control information pre-recorded on the DVD-R 
50. It should be noted that the term "pre-recorded" 
means "preformed" as a disk. FIG. 2 is a schematic di- 
agram showing a record format of the pre-information 
and rotation control information pre-recorded on the 
DVD-R 50. In FIG. 2, the upper portion shows a record 
format of the record information, and corrugated wave- 
forms of-the^owerpol1iof1^howa-wobbling^tate^a-p Ian- 
view) of the pre-grooves 102 for recording the record 
information. Further, upward arrows between the record 
information and the wobbling state of the pre-grooves 
102 schematically show positions at which LPPs 104 
are formed. It should be noted that in FIG. 2 the wobbling 
state of the pre-grooves 102 is shown with amplitude 
greater than actual amplitude for the sake of clarity. Fur- 
ther, the record information is recorded on the centerline 
of each corresponding pre-groove 102. 
[0023] As shown in FIG. 2, the record information to 
be recorded on the DVD-R 50 is divided beforehand on 
a sync-frame basis. 26 sync frames form one recording 
sector as an information unit, and 1 6 recording sectors 



form one ECC block as an information block. It should 
be noted that one sync frame has a length 1488 times 
(1488T) longer than the unit length (hereinafter called 
T) corresponding to a bit interval defined by the record 
5 format for recording the above-mentioned record infor- 
mation. Further, sync information SY for synchroniza- 
tion on a sync-frame basis is recorded in the top 14 T 
portion of each sync frame. 

[0024] On the other hand, the pre-information to be 

10 recorded on the DVD-R 50 is recorded on a sync-frame 
basis. In recording the pre-information using the LPPs 
1 04, one LPP 1 04, as indicating a sync signal in the pre- 
information, is always formed on the land 103 adjacent 
to a region in which the sync information SY is recorded 

15 for each sync frame of the record information. Mean- 
while, one or two LPPs 104 indicative of the contents of 
the pre-information to be recorded are formed on the 
land 1 03 adjacent to the first half of the sync frame con- 
taining information other than the sync information SY 

20 (or no LPP 1 04 may be formed with respect to the first 
half of the sync frame containing information other than 
the sync information SY, depending on the contents of 
the pre-information to be recorded). At this time, the 
LPPs 104 are formed in either even-numbered frames 

25 (hereinafter called the "EVEN frames") or odd-num- 
bered frames (hereinafter called the "ODD frames") of 
each recording sector to record the pre-information. In 
other words, if the LPPs 104 are formed in the EVEN 
frames in FIG. 2 (as indicated with the solid upward ar- 

30 rows), no LPPs 104 will be formed in the ODD frames 
adjacent to the EVEN frames. 

[0025] The relationship between the wobbling state of 
the pre-grooves 1 02 and the LPPs 104 is accounted for 
by the fact that the LPPs 104 are formed in positions 
35 where the amplitude of wobbling becomes the maxi- 
mum. 

[0026] On the other hand, the pre-grooves 102 are 
wobbled all over the sync frames on aconstant wobbling 
frequency, fO of 140 kHz (at which one sync frame<;or- 

40 responds to a part for eight waves of the fluctuating 
waveform of the pre-grooves 102). Then the constant 
wobbling frequency, fO is detected by a pre-pit detecting 
device or the like to extract a sync signal for use in con- 
trolling the revolution of a spindle motor, not shown, for 

45— rotating^e-OVD-R-50. 

[0027] Referring next to FIGs. 3 through 6, description 
will be made about a pre-pit detecting device for detect- 
ing pre-pits from the above-mentioned DVD-R SO ac- 
cording to the present invention. FIG. 3 is a block dia- 

50 gram showing the general structure of a pre-pit detect- 
ing device 62 as practiced in the embodiment. It should 
be noted that the pre-pit detecting device according to 
the present invention is applied to an information record- 
ing and reproducing apparatus for recording media in 

55 an actual situation, out description of the structure and 
operation of apparatus components other than the pre- 
pit detecting device 52 will be omitted in the embodi- 
ment. 
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[0026] As shown in FIG. 3, the pre-pit detecting device 
52 includes a push-pull circuit 1 , a signal binarizing cir- 
cuit 2, a decoder 3 and a CPU 4. In operation, a first 
read signal Srf 1 and a second read signal Srf2 are input 
from a pickup 51 to the push-pull circuit 1 of the pre-pit 
detecting device 52. The first read signal Srf1 and the 
second read signal Srf2 are generated as follows. First, 
a light beam is irradiated from the pickup 51 . Then re- 
flected light from the information recording surface of 
the DVD-R 50 driven to rotate is received at a light re- 
ceiving portion, not shown, which is divided into two 
parts by a division line at least optically parallel with the 
tangential direction of the pre-grooves 102 on the 
DVD-R 50. The light receiving portion outputs electrical 
signals according to the amounts of reflected light re- 
ceived at the light receiving portion, so that the first and 
second read signals are generated on the basis of the 
electrical signals. 

[0029] FIG. 4A is a diagram showing an internal con- 
figuration of the push-pull circuit 1 as characterized by 
the present invention. As shown in FIG. 4A, the push- 
pull circuit 1 includes a voltage control amplifiers (VCA) 
10 and 11, peak hold (P/H) parts 12 and 13, and sub- 
tracters 14 and 15. 

[0030] Of all the elements, the voltage control ampli- 
fiers (VCA) 1 0 and 1 1 , the peak hold (P/H) parts 1 2 and 
1 3, and the subtracter 1 4 constitute an AGC circuit. The 
AGC circuit functions as amplitude correcting device 
which computes the difference between the amplitude 
of the first read signal Srf1 and the amplitude of the sec- 
ond read signal Srf2 to bring both amplitudes close to 
each other on the basis of the difference therebetween, 
and consequently make them coincide. 
[0031] To be more specific, the subtracter 14 com- 
putes the difference between the maximum amplitude 
of the first read signal Srf1 held by the peak hold (P/H) 
part 12 and the maximum amplitude of the second read 
signal Srf2 held by the peak hold (P/H) part 1 3 to output 
a signal indicative of the difference to the voltage control 
amplifiers (VCA) 10 and 11 , respectively. The difference 
signal is input into input terminals, mutually opposite in 
polarity, of the voltage control amplifier (VCA) 10 and 
the voltage control amplifier (VCA) 11 . 
[0032] Then the voltage control amplifier (VCA) 10 
-makes-such-a-correctien-that-the-amplittide-of-the-first— 
read signal Srf1 is amplified at an amplification factor 
based on the difference signal to bring it close to the 
amplitude of the second read signal Srf2, thus generat- 
ing a first correction signal Srfd . On the other hand, the 
voltage control amplifier (VCA) 1 1 makes such a correc- 
tion that the amplitude of the second read signal Srf2 is 
amplified at an amplification factor based on the differ- 
ence signal to bring it close to the amplitude of the first 
read signal Srf 1 , thus generating a second correction 
signal Srfc2. In other words, since the difference signal 
is input into the input terminals, mutually opposite in po- 
larity, of the voltage control amplifier (VCA) 10 and the 
voltage control amplifier (VCA) 11, the voltage control 



amplifier (VCA) 10 and the voltage control amplifier 
(VCA) 11 are reversely controlled. As a result, the am- 
plitude of the first correction signal Srfd and the ampli- 
tude of the second correction signal Srfc2 are brought 
close to each other, and consequently made to coincide. 
[0033] FIG. 4B shows exemplary waveforms of the 
first read signal Srf1 , the second read signal Srf2, the 
first correction signal Srfd and the second correction 
signalSrfc2 in the above-mentioned operation. It should 
be noted that FIG. 4B shows waveforms of the signals 
generated when recording pits carrying record informa- 
tion have already been formed, that is, in the case of the 
recorded DVD-R 50. 

[0034] In the example of FIG. 4B, the maximum am- 
plitude (Vs1 ) of the first read signal Srf1 is greater than 
the maximum amplitude (Vs2) of the second read signal 
Srf2. However, the amplitude correcting device reduces 
the amplitude level of the first read signal Srf1 to gen- 
erate the first correction signal Srfd , while it raises the 
amplitude level of the second read signal Srf2 to gener- 
ate the second correction signal Srfc2. As a result, the 
maximum amplitude voltage (Vsd) of the first correc- 
tion signal Srfd and the maximum amplitude voltage 
(Vsc2) of the second correction signal Srfc2 are made 
to coincide. 

[0035] In the embodiment, the push-pull-circuit 1 does 
not make the amplitude of one signal (for example, of 
the second read signal Srf2) coincident with the ampli- 
tude of the other signal (for example, of the first read 
signal Srf1), but does bring both amplitudes close to 
each other and consequently make them coincide. This 
makes it possible to virtually realize a two-fold increase 
in the operational range of the voltage control amplifiers 
(VCA). 

[0036] Suppose that no recording pitscarrying record 
information have not been formed yet in the pre-grooves 
102 of the DVD-R 50, that is, information has not been 
recorded on the DVD-R 50 yet. In this case, a signal 
generated by superimposing an LP P on a wobbling fre- 
quency component containing no RF component as 
shown in FIG. 4B can be used to make the amplitudes 
of the first and second read signals Srf1 and Sfr2 coin- 
cide in the same manner as in the case of the recorded 
DVD-R 50. 

5 — [0037] — Then-the-subtracter-1-5-computes-the-differ- — 
ence between the correction signals Srfd and*Srfc2 to 
generate a radial push-pull signal Srpp to be output to 
the signal binarizing circuit 2. The radial push-pull signal 
Srpp is a composite signal generated by superimposing 
an LPP signal component on the wobbling frequency 
component (hereinafter called the "wobble signal com- 
ponent). 

[0038] The amplitude of the LPP signal component 
may fluctuate because of certain factors such as disk 
quality. Since the LPP signal component is compared 
with a predetermined slice level so that its existence will 
be sensed (binarized), fluctuations in amplitude of the 
LPP signal component may cause such an incorrect 
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sensing result that the LPP signal component does not 
exist in spite of existing in fact. In this case, it is possible 
to perform gain adjustment so that the amplitude of the 
LPP signal component will be kept substantially con- 
stant. As one method of gain adjustment, it is possible 
to peak-hold the radial push-pull signal so that the peak 
values will be kept substantially constant (for example, 
this method is carried out in the signal binarizing circuit). 
In other words, since the radial push-pull signal is gen- 
erated by superimposing the LPP signal component on 
the wobble signal component, peak-holding the radial 
push-pull signal results in peak-holding the LPP signal 
component. Therefore, gain adjustment of the peak val- 
ues makes it possible to get the amplitude of the LPP 
signal component fixed. However, this embodiment em- 
ploys such a signal binarizing circuit (FIG. 5) as to re- 
duce the occurrence of malfunctions due to noise com- 
ponents compared to the above-mentioned method. 
[0039] FIG. 5 is a diagram showing an internal con- 
figuration of the signal binarizing circuit 2. As shown in 
FIG. 5, the signal binarizing circuit 2 includes a gain am- 
plifier 20, a wobble amplitude-fixing AGC circuit 21 , a 
comparator 22 and a slice level setting circuit 23. 
[0040] In the signal binarizing circuit 2, the radial 
push-pull signal Srpp is input to the wobble amplitude- 
fixing AGC circuit 21 through the gain amplifier 20. The 
wobble amplitude-fixing AGC circuit 21 is equipped with 
a VCA 21 a, an LPP eliminating LPF 21 b, a gain amplifier 
21c, a peak hold 21 d, a subtracter 21 e and an LPF 21 f. 
[0041] The LPP eliminating LPF 21b eliminates the 
LPP signal component contained in the radial push-pull 
signal Srpp input to the wobble amplitude-fixing AGC 
circuit 21 to extract a wobble signal component. The 
gain amplifier 21c amplifies the extracted wobble signal 
component, and the peak hold part 21 d holds the max- 
imum amplitude of the wobble signal component. Then 
the subtracter 21 e computes the difference between the 
maximum amplitude of the wobble signal -component 
and a reference voltage (Vref) to supply the same to the 
VCA 21 a through the LPF 21f . The LPF 21f is tocontrol 
the response speed of the AGC-circuit 21 . The VCA 21a 
amplifies the radial push-pull signal Srpp at an amplifi- 
cation factor based on the supplied difference so that 
the radial push-pull signal Srpp will be made coincident 
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of the LPP signal component. In this-case. since the ap- 
pearance cycle of the LPP is long, and the number of 
appearances is small and changeable, if disturbance 
such as noise occurs, it will take time to return to a prop- 
er adjustment state. In contrast, since the signal bina- 
rizing circuit 2 performs gain adjustment on the basis of 
the wobble signal component that appears in a fixed cy- 
cle shorter than the LPP signal component, a return to 
a proper adjustment state can be realized quickly even 
if disturbance occurs. 

[0043] Then the comparator 22 compares the radial 
push-pull signal Srpp, the amplitude of which has -gotten 
fixed, with a slice level supplied from the slice level set- 
ting circuit 23 to extract an LPP signal Slpp to be output 
to the decoder 3 shown in FIG. 3. 
[0044] The decoder 3 decodes the LPP signal Slpp to 
cause address information indicative of information re- 
cording positions and various timing signals to be output 
to the CPU 4. Thus the CPU 4 performs control neces- 
sary to record information on the DVD-R 50 on the basis 
of the address information and the timing signals. 
[0045] As discussed above and according to the em- 
bodiment, the amplitudes of the first and second read 
signals Srf 1 and Srf2, both of which have been input to 
the push-pull circuit 1 , are brought close to each other 
and consequently made to coincide, which virtually re- 
alizes a two-fold increase in the operational range of the 
voltage control amplifiers (VCA). Therefore, even if the 
difference between the amplitudes of the first and sec- 
ond read signals Srf1 andSrf2 exceeds the operational 
range of the voltage control amplifiers (VCA), both am- 
plitudes can be easily made to coincide, thereby gener- 
ating a proper radial push-pull signal Srpp with few noise 
components. 

[0046] FIG. 6A shows a push-pull circuit as practiced 
in another embodiment different from that shown in FIG. 
4A. The push-pull circuit 1a shown in FrG. 6A differs 
from that shown in FIG. 4A in that a-capacitor 16 is in- 
serted in a signal path between the voltage -control am- 
plifier (VCA) 10 and the peak hold (P/H) part 12, and a 
capacitor 1 7 is inserted in a signal path between the volt- 
age control amplifier (VCA) 11 and the peak hold (P/H) 
part 13 : respectively. The capacitor 16 functions as a 
device for removing a direct-current (DC) -component 



^with thereference voftage-(Vref)rT^tis^he-amplitticte-of — from-the-first-read-signal-Srf^— while-the-capacitoM-7- 



the radial push-pull signal Srpp can be kept constant. 
[0042] In other words, since the amplitude of the wob- 
ble signal component of the DVD-R ^0 and the ampli- 
tude of the LPP signalcomponent are both designed to 
fall within respectively predetermined limits, keeping the 
amplitude of the wobble signal component substantially 
constant allows the amplitude of the LPP signal compo- 
nent to be kept substantially constant. Since this rela- 
tionship is realized in any other recording media, the sig- 
nal binarizing circuit 2 is applicable to any other record- 
ing media. Further, the above-mentioned signal binariz- 
ing circuit that carries out the peak hold of the radial 
push-pull signal performs gain adjustment on the basis 
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functions as a device for removing the direct-current 
(DC) component from the second read signal Srf 2. 
[0047] In other words, the capacitors 16,17 are insert- 
ed in the push-pull circuit 1a shown in FIG. 6(A), so that 
the direct-current (DC) component is removed from the 
first read signal Srf 1 and the second read signal Srf2, 
thereby causing signals containing only the alternating 
current (AC) component of the RF component. After 
that, the difference between these signals is computed 
so that the amplitudes of the first and second read sig- 
nals Srf 1 and Srf2 will be brought close to each other 
on the basis of thecomputation results, thereby making 
both amplitudes coincide. Such a configuration makes 
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it possible to compute the difference to be output to the 
voitage control amplifiers from only the amplitude of the 
pure RF component. Therefore, the push-pull circuit 1a 
can make the amplitude of the first read signal Srf 1 co- 
incident with the amplitude of the second read signal 5 
Srf2 more accurately than the push-pull circuit 1 shown 
in FIG. 4A, thereby generating a proper radial push-pull 
signal Srpp with fewer noise components. 
[0048] However, in the case of the non-recorded 
DVD-R 50, since the direct-current component is re- 10 
moved from the composite signal generated by super- 
imposing the LPP on the wobble signal component con- 
taining no RF component, the amplitude becomes very 
small. In such a case, since the push-pull circuit 1 is de- 
signed to compute the difference using the amplitude is 
containing the direct-current component, the amplitude 
becomes greater and the accuracy is more improved in 
the push-pull circuit 1 shown in FIG. 4A. 
[0049] The present invention is aimed at making the 
amplitudes of the first and second read signals Srf 1 Srf2 20 
coincide even when the difference between both ampli- 
tudes is too large to exceed the operational range of the 
voltage control amplifiers. However, in the case of the 
non-recorded DVD-R 50, the difference in amplitude is 
inherently small, which has no adverse effect on detec- 25 
tion of the LPP. 

[0050] In the above-embodiments, the DVD-R was 

taken by way of example to describe the present inven- 2. 

tion, but the present invention is not limited thereto, and 

it is applicable to any other recording media such as a so 

DVD-RW. 

[0051] As described above and according to the 
present invention, the amplitude of the first read signal 
and the amplitude of the second read signal are brought 
close to each other on the basis of the difference be- 35 
tween the amplitudes of the first and second read sig- 
nals, both of which have been input to the push-pull cir- 
cuit, thereby making both amplitude coincide. In such a 
configuration, even if the difference between the ampli- 
tudes of the first and second read signals exceeds the 40 
operational range of the voltage control amplifiers, both 
amplitudes can be easily made to coincide, which 3. 
makes it possible to generate a proper radial push-pull 
signal with few noise components. 

-{0052] — The invent4oivmay-be^mbodied-tn-other-spe= — 45 

cific forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims rather than by the fore- 50 
going description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



cording medium (50), which has information tracks 
(102) for recording record information and guide 
tracks (103) for guiding a light beam (B) to the in- 
formation tracks, and further has pre-pits carrying 
pre- information formed on the guide tracks, the pre - 
pit detecting device including a push-pull circuit (1), 
which when the optical beam is irradiated to one of 
the information tracks, computes the difference be- 
tween a first read signal (Srf1) and a second read 
signal (Srf2) generated on the basis of outputs of 
electrical signals from a light receiving unit, divided 
into two parts by a division line at least optically par- 
allel with the information track, to generate a differ- 
ence signal, such that the pre-pit detecting device 
detects a pre-pit on the basis of the difference signal 
output from the push-pull circuit, characterized in 
that said push-pull circuit comprises 

an amplitude correcting device for computing 
the amplitude of the first read signal and the ampli- 
tude of the second read signal to bring both ampli- 
tudes close to each other and consequently make 
them coincide, such that said push-pull circuit per- 
forms a computation on the difference between the 
first and second read signals whose amplitudes 
have been made to coincide by said amplitude cor- 
recting device. 

The pre-pit detecting apparatus (52) according to 
claim 1, wherein said push-pull circuit (1) further 
comprises a device for removing a direct-current 
component from the amplitude of the first read sig- 
nal and a device for removing the direct-current 
component from the amplitude of the second read 
signal, wherein 

said amplitude correcting device computes 
the difference between the amplitudes of the first 
and second read signals, from which the direct-cur- 
rent component has been removed, to bring both 
amplitudes close to each other and consequently 
make them coincide. 

The pre-pit detecting apparatus (52) according to 
claim 1 or 2, wherein the difference computed by 
said amplitude correcting device is the difference 
~between-the~maximum~amplitudenof"th^ifst"re^ci 
signal and the maximum amplitude of the second 
read signal. 



Claims 

1 . A pre-pit detecting apparatus (52) for an optical re- 
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(54) Pre-pit detecting apparatus 



{57) When a light beam (B) is irradiated to an infor- 
mation track (1 02), on which a pre-pit (1 04) carrying pre- 
formation has been formed, and reflected light of the 
light beam is received at a light receiving portion, which 
is divided into two parts by a division line at least opti- 
cally parallel with the information track, a first read signal 
(Srf 1 ) and a second read signal Srf2() generated on the 
basis of the outputs of electrical signals from the light 
receiving portion are input to a push-pull circuit (1 ). Then 



the difference between the amplitude of the first read 
signal and the amplitude of the second read signal is 
computed to bring both amplitudes close to each other 
on the basis of the difference and consequently make 
them coincide (corrected). The -computation on the dif- 
ference between the first and second read signals 
whose amplitudes coincide generates a difference sig- 
nal to detect a pre-pit on the basis of the difference sig- 
nal. 
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